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|X| It Is also accompanied by a copy of each prior art document cited In this report 

1. Basis cf the report 

& With regard to the language, tiie International search was canled out on the basis of the International application In the 
language In which It was filed, unless oti^rwlse Indicated under tills Item. 

I I tiie Irrtematlonal search was canled out on tine basis of a translation of tiie International application fUmlshed to ttits 
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contained In the International application In written fomn. 
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International appllcadon as filed has been furnished. 

tiie statement tiiat tiie Infomnation recorded In computer readable form Is Identical to tiie written sequence listing has been 
furnished 

Certain daime were found unsearchable (See Box I). 
Unity of invention is lacking (see Box II). 

4. Wtth regard to tiie title, 

the text Is approved as submitted by the applicant. 
I I tiie text has been established by this Auttuxlty to read as follows: 
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5. Wtth regard to tite abstract, 
Pn tiie text Is approved as submitted by tha applicant. 
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wttiiln one month from tiie date of mailing of tills Intsrnatiorial search report, subfntt comments to this Authority, 

6. The figure of ttie drawings to be published wtth tiie abstract Is Rgure No. 1 



I — I tiie text has been established, according to RkAb 38.2(b), by tills Authority as It appeare In Box 111. The applicant may. 



I I as suggested by tiie applicant. Q None of ttie figures. 

|X| because tiie applicant failed to suggest a figure. 
n because tills figure better characterizes the Invention. 
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(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 7 sheets. 



3. This report contains indications relating to the following items: 

I S Basis of the report 

II □ Priority 

III □ Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

IV □ Lack of unity of invention 

V S Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability: 

citations and explanations suporting such statement 

VI □ Certain documents cited 

VII □ Certain defects in the international application 

VIII S Certain observations on the international application 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/IL99/00649 



Basis of the report 

This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
rZons^^^^^ 'V'^^af/on under Article 14 are referred to in this report as "or^^^^^^^ ///ed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 1 7).): 
Description, pages: 



1-22 



as originally filed 



Claims, No.: 
1-45 



as received on 



1 5/02/2001 with letter of 



12/02/2001 



Drawings, sheets: 

1/11-11/11 as originally filed 



Sequence listing part of the description, pages: 

1-3, filed with the letter of 17.12.2000 

2 With regard to the language, all the elements marked above were available or furnished Jji^^ 
language in which the international application was filed, unless othenv.se indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
' international preliminary examination was carried out on the basis of the sequence listing: 

H contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

la The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5 □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to th,s 

report.) 



6. Additional observations, if necessary: 
see separate sheet 

V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 
Novelty (N) 



Inventive step (IS) 
Industrial applicability (lA) 



Yes: 


Claims 


1-21, 23-44 


No: 


Claims 


22,45 


Yes: 


Claims 


1-21, 23-44 


No: 


Claims 


22, 45 


Yes: 


Claims 


1-45 


No: 


Claims 





2. Citations and explanations 
see separate sheet 



VIII Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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ITEM I: 



The correction of the sequence listing and the amendments to the claims fulfill the 
requirements of Article 34(2)(b) PCT. 



ITEM V: 



Reference is made to the following document: 

D2: WO 92 08808 A (Siska Diagnostics Inc.), 29 May 1992; 



1 . NOVELTY 

Claims 22, 34, and 45 do not meet the requirements of Article 33(2) PCT for the 
following reasons: 

1 1 The expression "For use in [...]" must be construed as meaning merely "Suitable 
for use in [...]" (POT Guidelines III-4.8). Therefore, the subject-matter of claims 22 
and 45 is not novel in the sense of Article 33(2) PCT, because verification 
oligonucleotides as well as amplifying agents suitable for the methods or systems 
of the present invention are well known in the art (see also item VIII. below). 

1 .2 The remaining claims 1-21 and 23-44 are novel in the sense of Article 33(2) PCT, 
because none of the available prior art documents discloses the same 
combinations of features as these claims. 



INVENTIVE STEP 

Claims 1-21 and 23-44 also appear to involve an inventive step for the following 
reasons: 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 



INTERNATIONAL PRELIMINARY international application No. PCT/IL99/00649 
EXAMINATION REPORT - SEPARATE SHEET 

2 1 Compared to document D2 (abstract; page 7, lines 14-24; figure 1; claims 1-3), 
which is considered to represent the closest prior art. the subject-matter of claim 
1 differs in that the sensor device comprises an electrochemical probe carrying 
the sensing interface. According to the description (page 5, lines 18-28; page 7. 
lines 18-22), the technical effect of this difference is that the binding of the target 
oligonucleotide can be detected using electrochemical techniques. Therefore, the 
technical problem to be solved by claim 1 may be regarded as how to provide a 
sandwich hybridization assay using an alternative detection technique. The 
solution proposed in claim 1 appears to involve an inventive step (Article 33(3) 
PCT), because the available prior art does not provide any evidence for 
electrochemical detection in hybridization assays. Therefore, it would not be 
obvious to the skilled person to include electrochemical detection techniques into 
the known sandwich hybridization assay. Consequently, the method of claim 1 as 
well as its dependent claims 2-11 seems to involve an inventive step (Article 
33(3) PCT). 

2 2 Similarly, the subject-matter of claim 12 and its dependent claims 13-21 appears 
to involve an inventive step (Article 33(3) PCT), because the available prior art 
does not provide any evidence for the incorporation of an electrochemical 
electrode into sensor devices for detecting target oligonucleotides. Therefore, the 
skilled person would have no incentive to combine all the features of claims 12-21. 

2.3 Compared to D2, the method of claim 23 differs in that the signal-amplifying 
agent comprises a liposome. According to the description (page 7, lines 7-11; 
example 2), the technical effect of this difference is that liposome binding 
facilitates the detection of target oligonucleotide binding. Therefore, the technical 
problem to be solved by claim 23 may be regarded as how to provide a sandwich 
hybridization assay using an alternative detection technique. 

Similar to the argumentation above (see item 2.1 above), the solution proposed in 
claim 23 and its dependent claims 24-33 appears to involve an inventive step 
(Article 33(3) PCT), because the available prior art does not provide any evidence 
for signal-amplifying agents comprising liposomes. Therefore, it would not be 
obvious to the skilled person to include liposomes into the signal-amplifying 
agents of known sandwich hybridization assays. 
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2.4 Similarly, the subject-matter of claim 34 and its dependent claims 35-44 appears 
to involve an inventive step (Article 33(3) PCT), because the available prior art 
does not provide any evidence for detection systems comprising a signal- 
amplifying agent comprising a liposome. Therefore, the skilled person would have 
no incentive to combine all the features of claims 34-44. 



3. INDUSTRIAL APPLICABILITY 

The subject-matter of claims 1-45 is industrially applicable in the sense of Article 
33(4) PCT. 

4. P-DOCUMENTS 

The claim to priority of the present application is valid. Therefore, the prior art 
document which was published after the priority date,, but before the filing date of 
the present application (listed as "P,X" document in the Intemational Search 
Report) is not relevant for the present application 



ITEM VIII: 

1 Claim 22 and 45 are neither clear nor supported by the description (Article 6 
PCT), because the reagents are not defined by technical features of the 
"verification oligonucleotide" and the "amplifying agent". Consequently, their 
scope is broader than justified by the description and drawings. 

2. Furthermore, claims 22 and 45 do not meet the requirements of Article 6 PCT in 
that the matter for which protection is sought is not clearly defined. The claims 
attempt to define the subject-matter in terms of the result to be achieved ("agent 
for amplifying the signal [...]") which merely amounts to a statement of the 
underlying problem. 
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FOR FURTHER Notification of Transmittal of International Search Report 

(Form PCT/ISA/220) as well as, where applicable, item 5 below. 

ACTION 


International application No. 

PCT/IL 99/00649 


International filing date (day/month/year) 

01/12/1999 


(Earliest) Priority Date (day/month/year) 

01/12/1998 


Applicant 

YISSUM RESEARCH DEVELOPMENT COMPANY OF ... et a1 . 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 1 8. A copy is being transmitted to the International Bureau. 



. sheets. 



This international Search Report consists of a total of O 

[X| It is also accompanied by a copy of each prior art documerrt cited in this report. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the intemational application in the 



language in which it was filed, unless otherwise indicated under this item. 

□ 



the international search was earned out on the basis of a translation of the intemational application furnished to this 
Authority (Rule 23.1(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the intemational search 
was carried out on the basis of the sequence listing : 

contained in the international application in written form. 

filed together with the intemational application in computer readable form. 
I I fumished subsequently to this Authority in written form. 
p~[ fumished subsequently to this Authority in computer readble form. 

I [ the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been fumished. 
I I the statement that the information recorded in computer readable form is identical to the written sequence listing has been 

fumished 

2. Q Certain claims were found unsearchable {See Box t). 

3. Q Unity of Invention is lacking (see Box It). 

4. With regard to the title, 

[X| the text is approved as submitted by the applicant. 

I I the text has been established by this Authority to read as follows: 



With regard to the abstract, 

[XI the text is approved as submitted by the applicant. 

I — I the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
I — ' within one month from the date of mailing of this international search report, submit comments to this Authonty. 

The figure of the drawings to be published with the abstract is Figure No. 



□ as suggested by the applicant. E ^one of the figures. 

[ I because the applicant failed to suggest a figure. 
[ I because this figure better characterizes the invention. 
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European Patent Ofttee, P.B. 581 8 Patenflaan 2 
NL-228OHVR08WlJk 
Tel. (+31-70) 34O-2040, Tx. 31 661 epo nl. 
Fax: (431-70) 340-3016 



Authortzed officer 



MQller, F 



Rxm PCT/I8AS10 (aMand ahMt) (July 1982) 



page 1 of 2 



C^Contlnuotlon) DOCUMENTS CONSIDEI 



INTERNATIONAL SEARCH REPORT 

#- 



IntatiMfdonal AppeeoUon No 



) BE RELEVANT 



99/00649 



Categoiy° I Citation of docunwnt.wimindlcaik>awhereappix^ ot the relevant passages 



P,X 



JENSEN K K ET AL: "KINETICS FOR 
HYBRIDIZATION OF PEPTIDE NUCLEIC ACIDS 
(PNA) WITH DNA AND RNA STUDIED WITH THE 
BIACORE TECHNIQUE" 

BIOCHEMISTRY, US, AMERICAN CHEMICAL SOCIETY. 
EASTON, PA, 

vol. 36, 1 January 1997 (1997-01-01), 
pages 5072-5077, XP002062488 
ISSN: 0006-2960 

PATOLSKY F. ET AL.,: "Enzyme-linked 
amplified electrochemical sensing of 
olIgonucleotlde-DNA Interactions by means 
of the precipitation of a Insoluble 
product and using Impedance spectroscopy" 
LANGMUIR, , , 

vol. 15, - 29 April 1999 (1999-04-29) 
pages 3703-3706, XP000901187 
the whole document 



1-30 



1 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

« on patant family mmnb f 



Patent document 
cited In search report 



Infonj^ijon 



Publication 
date 



IntomaUonal Application No 

P^feL 99/00649 



Patent family 
member(s) 



Publication 
date 



r K 




A 

M 


1 "^-l 9-1 QQ1 


AT 
Ml 




T 
1 


1 £-02-1006 

X9 vim X77V 


All 




D 
D 


07-07-1994 


All 
MU 




A 


07-01-1002 


PA 
l*M 




A 


X£ X£. X77X 






n 


oi_03-lQ06 






T 
1 


14-1 1-1 QQ6 
X*t XX X77V 


UN 


4A6661 


T 
1 




EP 


0486661 


A 


27-05-1992 


ES 


2084167 


T 


01-05-1996 


FI 


102296 


B 


13-11-1998 


WO 


9119812 


A 


26-12-1991 


JP 


5501957 


T 


15-04-1993 


PT 


97939 


A 


31-03-1992 



US 5695926 



09-12-1997 



WO 9208808 


A 


29-05-1992 


AU 


6807496 A 


16-01-1997 








AU 


9115891 A 


11-06-1992 








CA 


2095611 A 


15-05-1992 








EP 


0557456 A 


01-09-1993 








JP 


6502766 T 


31-03-1994 








US 


5474895 A 


12-12-1995 



Fom PCT/ISAffilO (patent tamly arYwx) (JUty 1 082) 



INTERNATIONAL SEARCH REPORT 

I Intemi 1 Appbcanon No 

PCT/IL 96/00049 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 GQ1N33/543 
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BIOSENS. BIOELECTRON (1996). 11(6/7). 
591-598 CODEN: BBI0E4; ISSN: 0956-5663. 
1996, XPO00612767 

RICKERT. JAN ET AL: "A new affinity 
biosensor: self-assembled thiols as 
selective monolayer coatings of quartz 
crystal microbalances" 
see the whole document 

EP 0 668 502 A (YIS5UM RES DEV CO) 23 
August 1995 
see the whole document 

-/" 



i Further documents are listed in the conanuation of box C. 

' SpeaaJ categories of ated documents : 

•A" document defining the general state of the art which is not 

considered to be of particular relevance 
E' earlier document but published on or after the mtcmational 
filing date 

L- document which may throw doubts on pnonty cl""*(f) 
which 1$ ated to esuWish the publicauon date of another 
Qtation or other speaal reason (as specified) 

O- document rtfcmnR lo an oral disclosure, use, exhibiuon or 
other means 

P" document pubhshed pnor to the mtemauonaJ filing date but 
later than the pnonty date claimed 

Date of the actual compleoon of the inienunonal search 

17 December 1995 

Name and mailmg address of the ISA 

European Patent Office. P.B. 5818 PatenUaan 2 
NL - 2280 HV Rijswijk 
Tel. ( + 31-70) 340-2040, Tx. 31 651 cpo nl. 
Fax: (-^ 31-70) 34O-3016 

Form PCT.1SA'210 (lecond iheti) (July 1992) 



Relevant to claim No. 

1.2,6-8. 
10,12, 
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14-16.18 
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Patent family members are listed in annex. 



T" later document published after ihe mtemanonal filing date 
oTpnonly date^and not in conflict with the apphcation but 
ated to understand the principle or theory undcilymg me 
mvention 

•X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be consdercd to 
involve an invcnuvc step when the document is taken alone 

•V document of particular relevance; the claimed invenbon 
cannot be considered to involve an invenQve step wbea me 
document is combined with one or more other such Oocu- 
mcnts, such combination being obvious to a pcnon tkUled 
in the art. 

document member of the same patent family 
Date of mailing of the intemaDonal search report 
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THIN SOLID FILMS, 
vol. 260, no. 2. 15 May 1995. 
oaoes 192-199, XPO0O511908 
GEDDES N J ET AL: "SURFACE CHEMICAL 
ACTIVATION OF QUARTZ CRYSTAL MICROBALANCE 
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The present invention provides a method and a system for the detection of a target oligonucleotide in a sample. The method comprises, 
in general the steps of providing a sensor device having a sensing interface carrying capturing oligonucleotides having each a nucleotide 
sequence complementary in at least a portion thereof to a first portion of the target oligonucleotide; providing verification oligonucleotides 
having each a nucleotide sequence complementary in at least a portion thereof to a second portion of the target oligonucleotide, other than 
the first portion; contacting the sample with the sensing interface under conditions so as to allow the target oligonucleotides, if present in the 
sample, to hybridize to the capturing oligonucleotides; prior to contacting the sample with the sensing interface or thereafter, allowing the 
verification oligonucleotides to hybridize to the target oligonucleotides if present in the sample; and detecting the presence of the verification 
oligonucleotides on the sensing interface. The detection of the verification oligonucleotides being indicative to the presence of the target 
nucleotide in the sample. 
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METHOD AND SYSTEM FOR DETECTING 
OLIGONUCLEOTIDES IN A SAMPLE 



FIELD OF THE INVENTION 

The present invention relates to a method and system for the detection of 

oligonucleotides in a sample. 
PRIOR ART 

The following is a list of prior art references which are relevant for a better 
understanding of the background of the invention: 

1. Piunno, P.A.E., KruU, V.J., Hudson, R.H.E., Damha, M.J., Cohen, H., Anal. 

Chim. Acta, 288:205-209, (1994). 

2. Mandenius, C.F., ChoUet, A., Lenburg, M.M., LundstrSm, I., Anal. Lett., 
M:2961-2964, (1989). 

3. Lidberg, B., Nylander, C, LundstrQm, I., Sensors and Actuators, 4:299-302, 

(1993) . 

4. Jonsson, V., Biotechniques, 11:620-624, (1991). 

5. Mikkelsen, S.R., Electroanalysis, 8:15-23, (1996). 

6. MiUan, K.M., Sanauloo, A., Mikkelsen, S.R., Anal. Chem., 66:3830-3833, 

(1994) . 

7. Hashimoto, K., Ito, K., Ishimori, Y.,Anal. Chem., 66:1236-1241, (1994). 

8. Hashimoto, K., Ito, K., Ishimori, Y., Anal. Chim. Acta, 286:219-224, (1994). 

9. Wang, J., Palecek, E., Nielson, P.E., J. Am. Chem. Soc, 118:7667-7670, (1996). 

10. Ihara, T., Nakayama, M., Murata, K., Maeda, M., Chem. Commim., 1069-1070, 
(1997). 
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11. Bardea, A., Dagan, A., Ben-Dov, L, Amit, B., Willner, I., Chem. Commun., 
839-840, (1998). 

12. PCT Application No. WO 97/043 14. 

Acknowledgement of these references in the description below will be made by 
indicating the number from the above list. 



BACKGROUND OF THE INVENTION 

The development of DNA-sensor devices attracts substantial recent research 
efforts directed to gene analysis, detection of genetic disorders, tissue matching and 
forensic applications. Optical detection of DNA was accomplished by the appUcation 
10 of fluorescence labeled oUgonucleotides^'''^ or by the use of surface plasmon 
resonance^^'^^l Electronic transduction of the formation of oligonucleotide complexes 
with a target DNA, and, particularly, in the quantitative assay of DNA is a major 
challenge of bioelectronics^^. The organization of DNA-sensors requires the assembly 
of the sensing interface on a transducer, and the design of the appropriate electronic 
15 output that signals the formation of the recognition complex with the target 
DNA-analyte on the transducer element. Electrochemical DNA sensors based on the 
electrostatic attraction of electroactive transition metal complexes or organic dyes to 
oligonucleotide-DNA ds-complexes, e.g. Co(bpy)3^ acridin or Hoechst 33258 were 
reported^^'^°\ Microgravimetric quartz-crystal- microbalance, QCM^"^ analyses were 
20 also applied to sense the formation of complementary oligonucleotide-DNA 
complexes. 

Two major difficulties are still encountered in the development of DNA 
sensors and relate to the sensitivity and specificity of the resulting sensing systems. 

GENERAL DESCRIPTION OF THE INVENTION 

25 It is an object of the invention to provide a method and system for detecting 

target oligonucleotides in a sample. 
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The term "detect" or "detection" refers collectively to both a qualitative 
determination of the presence of the target oligonucleotide in the sample as well as at 
times for evaluation of the level of the target oligonucleotide in the sample. 

In accordance with the first aspect of the invention there is provided a method 
5 for detecting a target oligonucleotide in a sample, comprising: 

(a) providing a sensor device having a sensing interface carrying capturing 
oligonucleotides having each a nucleotide sequence complementary in at least a 
portion thereof to a first portion of the target oligonucleotide; 

(b) providing verification oligonucleotides having each a nucleotide 
10 sequence complementary in at least a portion thereof to a second portion of the target 

oligonucleotide, other than said first portion; 

(c) contacting the sample with the sensmg interface under conditions which 
allow the target oUgonucleotides, if present in the sample, to hybridize to the capturing 
oUgonucleotides; 

15 (d) prior to (c) or thereafter, allowing the verification oUgonucleotides to 

hybridize to the target oligonucleotides if present m the sample; and 

(e) detecting the presence of said verification oligonucleotides on the 
sensing interface. 

In accordance with another aspect, the present invention provides a system for 
20 detecting a target oligonucleotide in a sample, comprising: 

(i) a sensor device having a sensing interface carrying capturing 
oligonucleotides having each a nucleotide sequence complementary in at least a 
portion thereof to a first portion of the target oligonucleotides; 

(ii) verification oligonucleotides having each a nucleotide sequence 
25 complementary in at least a portion tiiereof to a second portion of the target 

oligonucleotide, other than said first portion; and 

(ui) a combination comprising one or both of apparatus and reagents for 
detecting a verification oUgonucleotide bound to the sensing interface. 
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The sample may be a biological specimen or a fractionation product thereof 
containing the oligonucleotides; a biological specimen treated to free and solubilized 
oligonucleotides; a specimen treated in a manner so as to digest nucleotide sequence 
into smaller oligonucleotides; a sample of oligonucleotides obtained by a PCR 
(Polymer Chain Reaction) process or any other oligonucleotide amplification process; 
etc. 

In accordance with one embodiment, the present invention may be applied for a 
variety of genetic screening assays, such as, for example, screening intended to locate 
mutant genes. 

In accordance with another embodiment, the invention may be applied for 
identifying pathogens in a sample. 

There is a wide variety of assaying techniques available for detecting 
oligonucleotides which are based on hybridizing a probe oligonucleotide to the target 
oligonucleotide. Also known are assay techniques wherein a probe oligonucleotide is 
bound to a solid support which hybridize and *'fish out*' the target oligonucleotide 
from a tested sample. The invention is however unique in that it makes use of a 
verification oligonucleotide which increases both specificity and sensitivity of the 
assay. 

In accordance with the invention, the verification oligonucleotide serves as an 
indicator for the presence of the target oligonucleotide in the sample. In other words, 
detection of an immobilized verification oUgonucleotide on the surface is an 
indication that the target oligonucleotide is bound to the sensing surface and hence 
that it existed in the sample. In accordance with the invention there are thus two 
discrimination means to ensure specificity and sensitivity: 

1 . Hybridization of the target oligonucleotide to the capturing 
oUgonucleotide on the sensing surface. The complementary sequence of 
the capturing oligonucleotide will typically, but not exclusively, 
comprise a number of oligonucleotides completing about one helix of 
the nucleotide strand, i.e. about twelve nucleotides. A complementary 
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sequence of twelve oligonucleotides ensure on the one hand stable 
hybridi2ation. On the other hand, a 12-nier oligonucleotide decreases 
the chance of binding to an incorrect oligonucleotide than a longer 
sequence. In the case the sample is a digested specimen of genomic 
DNA, or a fractionation product thereof comprising the 
oligonucleotides, there is some probability, which increases with the 
length of the capturing oligonucleotide, of binding to an incorrect 
oligonucleotide, namely an oligonucleotide other than the target 
oligonucleotide. This probability is lower, as aforesaid in the case of a 
shorter oligonucleotide. A sequence of about 12 nucleotides is preferred 
as it is optimal as far as ensuring binding stability, on the one hand, and 
reducing incorrect binding on the other hand. The invention is, however, 
not limited to such a capturing oligonucleotide. 
2. Hybridization of the verification oligonucleotide to the target 
oligonucleotide. 

These two independent binding events thus reduce the chance of false positive 

or false negative results. 

The detection of the verification oligonucleotide on the sensing surface may be 
achieved by a number of means. In accordance with one embodiment of the invention, 
the sensor device comprises an electrochemical probe for electrical/ electrochemical 
measurements, e.g. for Faradaic impedance spectroscopy measurement or 
amperometric detection of the oligonucleotide. In addition, detection may also be 
carried out by a number of other electrochemical techniques known /?er se based on 
the control of interfacial electron transfer rates between the sensing interface and the 
surrounding medium. For this electrochemical embodiment of the invention, the 
sensing surface is formed on a conductive matrix on which the capturing 
oligonucleotides are bound. Such an electrically conducting matrix may for example 
be made or coated by a metal such as gold, platinum, silver or copper. 
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In accordance with another embodiment of the invention, the sensing device is 
a quartz crystal microbalance (QCM) probe in which case the presence of the 
verification oligonucleotide on the sensing surface is based on measurement of 
changes in resonance frequency of the probe. Microgravimetric QCM techniques are 
known per se^ and are described, for example, in PCX Application WO 97/043 14^^^\ 

In accordance with one preferred embodiment of the invention, the verification 
oligonucleotide is conjugated to a recognition agent which specifically binds to a 
signal-amplifying agent. The signal-amplifying agent, according to this embodiment, 
comprises a recognition partner capable of specific binding to the recognition agent. 
The recognition agent and the recognition partner constitute together a recognition 
couple. In accordance with another preferred embodiment of the invention the 
verification oligonucleotide is bound to or complexed directly with a 
signal-amplifying agent. 

The recognition couple may, for example, be one of the couples selected from 
the group of biotin-avidin or biotin-streptavidin, receptor-ligand, sugar-lectin, 
antibody-antigen (the term ''antibody" should be xmderstood as referring to a 
polyclonal or a polyclonal antibody, to a fraction of an antibody comprising the 
variable, antigen-biotin binding portion, etc.). The recognition agent may be one 
member of the aforementioned couples, while the recognition partner may then be the 
other member of the recognition couple. 

In accordance with one embodiment of the invention, the verification 
oligonucleotide comprises a first recognition agent and the signal-amplifying agent 
comprises a second recognition agent, with the first and the second recognition agents 
being the same or different, and both being capable of specific binding to a 
recognition partner to form a recognition couple. The recognition partner is thus 
capable of specific binding to both the first and the second recognition agents and thus 
its introduction to a sensing surface to which the verification oligonucleotide has 
bound, will yield binding of the signal-amplifying agent to the sensing interface. An 
example of a recognition partner is avidin or streptavidin, with both the first and 
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second recognition agents being biotin. In accordance with an embodiment of the 
invention, the signal-amplifying agent comprises a plurality of said second recognition 
agents and thereby, by a sequence of closures of the sensing interface to said 
recognition partner and said signal-amplifying agent, a complex comprising two or 
5 more signal amplifying agents bound to each verification oligonucleotide on the 
sensing interface, may thereby be obtained to yield an increased signal amplification. 

The signal-amplifying agent, according to one embodiment of the invention is 
a moiety or particle which directly increases the mass immobilized on the sensing 
surface. The signal-amplifying agent may, for example, comprise molecules, a super 
10 molecular structure, or particle, e.g. colloid particles, macromolecules, clusters or 
molecules, liposomes, etc. In addition, the signal-amplifying agent may also be 
conjugated to or complexed with a label including, but not limited to an enzyme label. 
In case of an enzyme label, the enzyme is of a kind that can catalyze a reaction giving 
rise to an insoluble product. In accordance with this embodiment, the enzyme, after 
15 the signal-amplifying agent binds to the recognition agent, is allowed to catalyze a 
reaction which gives rise to the insoluble product, and the product then precipitates 
onto the sensing surface. This product may then be detected by a variety of 
electric-electronic or optical detection means. In an assay carried out in accordance 
with the electrochemical embodiment, such a precipitate is preferably detected by the 
20 large change in electrode impedance resulting therefrom or, alternatively, it may be 
detected by the mass change on a piezaelectric crystal resulting in a frequency change 
of the crystal. 

In accordance with an embodiment of the invention, a particle, serving as a 
single-amplifying agent by its own right, may also carry an enzyme for ftirther 
25 amplification of the binding-associated signal. For example, a liposome used as a 
signal-amplification agent may be bound to or complexed with said enzyme to allow 
fiirther increase in mass as a result of precipitation of the enzyme-catalyzed insoluble 
product on the sensing surface, and thus a fiirther amplified binding- related signal. 
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The invention also provides, for use in the above method and system, one or 
more reagents, selected from the group consisting of: 

(i) said verification oligonucleotide; 

(ii) an amplifying agent for amplifying the signal resulting from binding 
5 of said verification oligonucleotide to said sensing interface. 

The invention will now be described with reference to a non-limiting specific 
embodiment. As will no doubt be appreciated, this description is a mere illustrative 
example of the wider scope of the invention as defined in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Fig. 1 illustrates a bioelectronic system in accordance with an embodiment of 

the invention including assembly of the sensor and its use in detection of an target 

oligonucleotide in a sample. 

Figs. 2A-2D illustrate in somewhat more details some of the components of the 

system of Fig. 1 as used in the exemplary experiments: Fig. 2A shows a DNA strand 
15 covalently bound to biotin; Fig. 2B illustrates the chemical reaction, catalyzed by 

horseradish peroxidase (HRP), in which 4-chloro- naphthol is reacted to form an 

insoluble product; Fig. 2C shows the structure of the thiophosphate thymine; and Fig. 

2D shows the sequence of some oligonucleotides used in the exemplary e^qjeriments. 
Figs. 3A and 3B show the impedance features, presented as Nyquist plots, of a 
20 bare electrode (curve a), after fimctionalization of the electrode with the capturing 

oligonucleotide (curve b), after binding the target DNA and the biotinylated 

oligonucleotide hybrid (curve c), after interaction with the avidin-HRP conjugate 

(curve d) and after some period of catalysis of the enzyme resulting in deposit of 

insoluble product on the sensing surface (curve e). It should be noted that Figs. 3 A 
25 and 3B are of the same experiment but drawn to different scales. 

Fig. 4A illustrates a bioelectronic system in accordance with a fiirther 

embodiment of the invention including assembly of the sensor and its use in detection 

of a target oligonucleotide in a sample. 
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Fig. 4B shows the sequence of the dififerent oligonucleotides used in a system 
of the kind illustrated in Fig. 4B, in the accompanying experiments. 

Figs. 5A shows the impedance spectra presented as Nyquist plots of the feature 
illustrated in Fig. 4, the spectra including: a fimctionalized electrode carrying the 
5 capturing oligonucleotides (curve a); after interacting the fimctionalized electrode 
with a sample carrying the target oligonucleotide (curve b); after interaction with the 
oligonucleotide-fimctionalized liposome (curve c); after interacting an electrode 
fimctionalized with a mutated capturing oligonucleotide (curve d); and after treatment 
of the mutated capturing oligonucleotide bearing electrode with fimcionalized 
10 liposome (curve e). 

Fig. 5B shows the changes in electron transfer resistance of a fionctionalized 
electrode upon treatment with different concentrations of the target oligonucleotide 
and amplification with labeled Uposomes. 

Fig. 6 illustrates a bioelectronic system in accordance with a yet finther 
15 embodiment of the invention including assembly of the sensor and its use in detection 
of a target oligonucleotide in a sample. 

Fig. 7A shows the impedance spectra presented as Nyquist plots of the features 
illustrated in Fig. 6, the spectra including: a fimctionalized electrode (curve a); after 
interaction with a sample carrying the target oligonucleotide pre-treated with a 
20 biotin-labeled verification oligonucleotide (curve b); after subsequent interaction with 
avidin (curve c); after subsequent interaction with biotinylated Uposomes (curve d); 
after subsequent interaction for a second time with avidin (curve e); and after a 
subsequent interaction for a second time with the biotinylated liposomes (curve f). 

Fig. 7B shows a calibration curve which corresponds to the changes in the 
25 electron transfer resistances of the fimctionalized electrode upon interaction with 
different concentrations of the target oligonucleotide and enhancement of the 
detecting processes by a double-step avidin/biotinylated liposome amplification path. 

Fig. 8A shows time-dependent fi^equency changes of oligonucleotide-bound 
crystal after interaction with a sample containing the target oligonucleotide (curve a); 
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after interaction of the resulting electrode with an oligonucleotide-labeled liposome 
(curve b); after fiinctionalizing a crystal with a mutated capturing oligonucleotide 
(curve c); after bringing into contact the mutated oligonucleotide-labeled crystal with 
oligonucleotide-labeled liposome (curve d); after treating an oligonucleotide-labeled 

5 crystal with oligonucleotide-labeled liposomes (curve e). 

Fig. 8B shows time-dependent frequency changes of oligonucleotide-labeled 
crystal after interacting with a sample containing the target oligonucleotide (Curve e); 
after interacting the resulting interface with avidin (curve f); after interacting the 
resulting assembly with biotinylated liposome (curve h); after fiirther interacting with 

10 avidin (curve g); after fiirther interacting with biotinylated liposome (cxirve i); after 
treating an oligonucleotide labeled crystal with a mutated oligonucleotide pre-treated 
with biotinylated liposomes (curve j); after treating the resulting interface (of curve j) 
with avidin (curve k); and after treating with biotinylated liposomes. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

15 The maimer of assembly of the DNA sensor in accordance with an embodiment 

of the invention and its use, are illustrated in Fig. 1. Oligonucleotide 100, serving as 
the capturing oligonucleotide, includes a first portion 102, typically a 12-base 
sequence, that is complementary to a first portion of the target oligonucleotide, and a 
second portion 106 for binding to the electrode, e.g. a gold (Au) electrode 108. The 

20 binding portion 106 may, for example, be a several base (e.g 5) thiosphosphate 
thymidine (TS) sequence, illustrated in Fig. 2C. Occasionally the two portions 102, 
106 may be separated by one or more separator base-nucleotides. The electrode 108 
and oligonucleotide 100 are reacted such that portion 106 binds to the surface of the 
Au electrode. As a result, functionalized electrode with a sensing surface 110 is 

25 formed. 

A verification oligonucleotide 112 is contacted with a sample which contains 
the target oligonucleotide 104 whereby a partial double-stranded structure 114 is 
formed. This structure is then contacted with the sensing surface (step B) yielding a 
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bifimctional double-stranded oligonucleotide assembly 116. It should be noted that it 
is possible in accordance with another embodiment of the invention to first contact the 
sensing surface 110 with the sample and only then bring a reagent solution which 
comprises the verification oligonucleotide 112 into contact with the sensing surface. 
5 This will first yield binding of the target oligonucleotide 104 (if present in the sample) 
to the sensing surface and then binding of verification oligonucleotide 112 to yield 
assembly 116. In both cases, the presence of the verification oligonucleotide 116 on 
the sensing surface serves as an indication of the presence of the target 
oligonucleotide 104 in the sample. 

10 The detection of the verification oligonucleotide on the sensing surface may be 

achieved by a number of means some of which were explained above. For example, 
the verification oligonucleotide may carry a label which may be detected electrically, 
e.g. by determining change in impedance, or electron transport between the electrode 
108 and the surroimding medium. The label, by one embodiment, is an enzyme which 

15 can catalyze a reaction yielding an insoluble reaction product which precipitates on 
the surface's electrode thus increasing impedance. This is illustrated in step C of Fig. 
1. 

In accordance with one embodiment, verification oligonucleotide 112 is boimd 
to a biotin moiety 117. A label complex 118 which comprises an avidin 119 bound to 

20 an enzyme 120 is contacted with the sensing surface (step C) resulting in binding of 
complex 118 to the sensing surface. Enzyme 120 can catalyze a reaction converting a 
substrate (S) into an insoluble product (P) which is thus deposited on the sensing 
surface. Both the binding of the labeling complex 118 to the sensing surface as well as 
the precipitation of product (P) onto the sensing surface can be monitored similarly as 

25 above (i.e. change of impedance or a change of mass in the case of QCM-type 
measurement). 

In Figs. 4A, 4B and 6, the same reference numerals as used in Fig. 1 are used 
for like components. 
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According to another embodiment illustrated in Fig, 4A, use is made with a 
verification oligonucleotide-modified liposome 134 that is bound to the 
double-stranded immobilized assembly 132, to form an immobilized double-stranded 
oligonucleotide-liposome assembly 138. The binding of the labeled verification 
liposome onto the sensing surface can be monitored as described above. 

The sensing of the target oligonucleotide 104 in accordance with a fiarther 
embodiment, can be fiirther amplified by using a double-step avidin/biotin- 
labeled-liposome amplification pathway as shown schematically in Fig. 6. 
Functionalized electrode 110 is first hybridized with target DNA 104 pre-treated wdth 
biotin-labeled oligonucleotide 112 having a portion sequence complementary with 
oligonucleotide 100, immobilized on said electrode 108, to form bifimctional 
double-stranded biotinylated assembly 116. The formed assembly is then reacted with 
biotinylated liposomes 142 to form a liposome containing assembly 144. This 
assembly can fiirther be reacted with avidin and additional biotinylated liposomes, to 
yield a multi-liposome assembly 146. 

The invention will now be fiirther illustrated by the following example: 

EXAMPLES 

For clarity, in the description below the same reference numeral to those used 
above will be used. However, by doing so, it should not, in any way, limit the scope of 
the invention to the specific examples below. 

It should be noted that the scheme shown in Fig. 1 can be employed for various 
different assays than that specifically exemplified herein. Furthermore, a similar 
scheme, mutatis mutandis, may also be used for assaying a target oligonucleotide in 
other assay techniques, e.g. microgravimetric QCM. In this latter case rather than 
electric/electronic measurements, the measurement is of change in resonance 
fi-equency of the piezoelectric crystal as a result of mass change. 
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Example 1 Enzyme-amplified detection of a target oligonucleotide in a sample 

The sensor preparation sequence as used in the Example can be seen in Fig. 1, 
while the sequences of the oligonucleotides used can be seen in Fig. 2D. In Fig. 2D 
each oligonucleotide is identified by the reference numerals used in the example. 

An I8-mer oligonucleotide 100 (SEQ ID NO: 1) which included a 12-base 
sequence 102 that is complementary to a part of the analyte, the Tay-Sachs (TS) 
mutant 104 (SEQ ED NO: 2) was used. In addition, oligonucleotide 100 included a 
5-base thiophosphate thymine-TS tag 106 for its assembly on the gold (Au) 
electrode 108, and a single T-base separating the tag from the sensing oligonucleotide 
sequence. A disc Au-electrode 108, 0.05 cm , was interacted with oligonucleotide 100 
(20 |jM, 10 hours) resulting in the assembly of the sensing interface on the gold 
support (step A in Fig. 1). The resulting fimctionalized electrode 110 was interacted 
with a solution that included the target analyte, the TS-mutant sequence 104 (5.8 x 
10'^ g/mL■^ 4 hours), and a biotinylated verification oligonucleotide 112 (SEQ ID 
NO: 3, bound via the 5' end to biotin, Fig. 2D), 2 x 10"^ g/mL"^ (step B in Fig. 1). 

Verification oligonucleotide 112 is complementary to one portion of an 
oligonucleotide 104 and consequently these two oligonucleotides hybridize to form a 
partial double-stranded structure 114. Target oligonucleotide 104 has another sequence 
complementary to portion 102 of capturing oligonucleotide 100 and thus step B results 
in the formation of a bifimctional double-stranded DNA-oligonucleotide assembly 
116. 

Sensing surface with bifimctional double-stranded DNA- oligonucleotide 
assembly 116 is then treated with an avidin labeled with horseradish peroxidase (HRP) 
(1 X 10"^ g/mL"\ 3 hours) (step C in Fig. 1). HRP can catalyze the oxidation of 
4-chloro-l-naphthol (S) by hydrogen peroxide (H2O2) giving rise to the formation of 
an insoluble product (P) which precipitates on the electrode. Other enzyme-substrate 
couples yielding an insoluble product which may be used include: alkaline 
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phosphatase and mdoyl phosphate derivatives as substrates; glucose oxidase and 
tetrazolium salts as substrates; etc. 

As the oligonucleotide and oligonucleotide-DNA layered assemblies are 
negatively charged, the electrostatic repulsion of a negatively-charged redox-probe, 
e.g. FeCCT^e^*^"^, from the electrode support is anticipated to perturb the interfacial 
electron transfer. This is expected to introduce an electron transfer resistance that can 
be detected by Faradaic impedance spectroscopy or other electrochemical means such 
as reduction of the amperometric response of the electrode. The biocatalytic 
precipitation of the product (P) on the electrode is e?q)ected to further insulate the 
conductive support and to lead to a high interfacial electron transfer resistance or a 
reduction of the amperometric response of an electroactive species solubilized in the 
medium surrounding the electrode. 

Fig. 3A shows the impedance features, using Fe(CN)6^'^'^ as redox- probe, 
presented as Nyquist plots (Zim vs. Zre), of the bare electrode 108 (curve a), of the 
functionalized electrode with the sensing surface 110 (curve b) and of the layered 
bifunctional double-stranded oligonucleotide-target DNA and biotinylated 
oligonucleotide assembly (curve c). The respective semicircle diameters correspond to 
the interfacial electron transfer resistnaces, Ret- It can be seen that the electron transfer 
resistance increases upon the build-up of the biotinylated oligonucleotide-DNA 
assembly. For example, for the functionalized electrode Ret = 1.1 kQ whereas Ret is 
increased to about 2.2 kQ upon the association of the complex 114. These results are 
consistent with the fact that the negative charge increases upon the two-step 
organization of the assembly. This results in the enhanced electrostatic repulsion of the 
redox-probe, and introduces higher interfacial electron transfer resistance. 

Fig. 3B shows the impedance spectra of the bifunctional double-stranded 
assembly consisting of the target DNA linked to the sensing interface and the 
biotinylated oligonucleotide, before (curve c) and after (curve d) interaction with the 
avidin-HRP conjugate. Upon the association of the avidin-HRP biocatalytic conjugate 
to the layer, a considerable increase in the electron transfer resistance is observed due 
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to the partial insulation of the electrode by the proteins. In the presence of H2O2 and 
the substrate (S), the biocatalytic precipitation of the product onto the electrode 
occurs. This insulates the conductive support, resulting in a very high increase in the 
electron transfer resistance, cxirve (e), Ret = 17 kO. It should be noted that the two 

5 parameters controlling the sensitivity of the DNA-sensing devices are the time of 
incubation of the fimctionalized-monolayer-electrode 110 with the complex 114 and 
more important, the time-interval used to precipitate the product by the avidin-HRP 
biocatalyic conjugate. Using this configuration, and upon precipitation of P for 40 
min. it was possible to sense the target DNA 104 at a concentration of 20 x 10"^ 

10 g/mL"\Ret = 7.9kQ. 

Control experiments show that the oligonucleotide sensing assembly has a high 
specificity and selectivity. Treatment of the fimctinalized electrode 110 with the 
biotinylated oligonucleotide 112 and then with the avidin-HRP conjugate 118, but 
without the interaction with the target DNA 104, yielded only a minute change in the 

1 5 electron transfer resistance. 

In order to test the specificity of the system, the same assay was performed 
with a DNA fi-agment 104' (SEQ ID NO: 4) that corresponds to the normal gene 
sequence in which the 7-based mutation leads to the TS-genetic disorder. After contact 
of the sensing interface with a complex between firagment 104' and the verification 

20 oligonucleotide 112, the system was subjected to the biocatalytic precipitation process 
using the avidin-HRP conjugate, using the same protocol as illustrated in Fig. 1. 
However, no noticeable changes in the electron's transfer resistance at the electrodes 
were observed, implying that the lack of formation of a complex between the 
capturing oligonucleotide on the sensing surface and the complex formed between the 

25 target oligonucleotide 104 and the verification oligonucleotide 112 which prevented 
the subsequent formation of the precipitant layer on the electrode. 

Cyclic voltammetry experiments (see insert Fig. 3B) fiirther confirm the 
stepwise organization of the bifianctional double-stranded complex 116, and that the 
precipitation of the insulating layer formed by product P on the electrode, gradually 
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perturb the electron-transfer kinetics of Fe(CN)6^". Fig. 3B inset, shows the cyclic 
voltammograms of Fe(CN)6^" at a bare Au- electrode (curve a), upon formation of the 
sensing assembly 110 (curve b), and upon the formation of the double-stranded 
assembly 110 (curve c). The stepwise assembly of the layers is accompanied by a 
decrease in the amperometric response of the electrode and an increase in the 
peak-to-peak separation between the cathodic and anodic waves of the redox-probe. 
This is consistent with the enhanced electron transfer barriers introduced upon the 
assembly of the negatively-charged oUgonucleotide assembly. Association of the 
avidin-HRP conjugate onto the layer (curve d), further separates the redox waves of 
Fe(CN)6^' implying that binding of the protein insulates the electrode and perturbs the 
interfacial electron transfer. Biocatalytic precipitation of P onto the electrode insulates 
the conductive support, and the electrical response of the redox-probe is ahnost 
entirely blocked, (curve e). The result shown in the inset of Fig. 3B demonstrates that 
amperometric transduction of the formation of the complex 116, binding of 
avidin-linked HRP 118, and further precipitation of the product P is possible. 

By some modification of tiie assayed scheme described above, rather than 
determining the formation of the insoluble product precipitates on the electrode by 
means of a Faradaic impedance spectroscopy, it may also be determined by means of 
amperometric detection, by optical means and others or by microgravimetric QCM 
detection, an example for the latter being provided hereinbelow. 

Example 2 Liposome-amplified detection of an oligonucleotide 

The sensor preparation sequence as used in the example can be seen in Fig. 4A, 
while the sequence of the oligonucleotides used can be seen in Fig. 4B. In Fig. 4B, 
each oligonucleotide is identified by the reference numeral as used in the examples. 

A mercaptohexyl oligonucleotide 100 (SEQIDNO: 5 bound to the 
mercaptohexyl via the 3' end) including a portion 102 that is complementary to a part 
of the analyte 104 (SEQ ID NO: 6) and the mercapto-derived portion 106 for its 
assembly as a monolayer on an Au-electrode 108 was used as a capturing agent. The 
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mercaptohexyl oligonucleotide 100 was assembled on the Au-electrode 108 as a 
monolayer, to obtain the sensing interface 110 (step A in Fig. 4A). A surface coverage 
of the electrode of 1.1x10"" mole/cm^ was determined by Tarlov's electrochemical 
method [Tarlov M.J. et al. Anal. Chem. 70:4670 (1998)], and comparable results were 
obtained by QCM analyses. The resulting monolayer-fimctionalized electrode 110 was 
then brought into contact with a sample containing the target analyte, oligonucleotide 
104 (5x10"^ M, 15 hours incubation, 25°C), to yield a double-stranded assembly 132 
(step B in Fig. 4A) wherein at least part (130) of the assembled analyte is left free for 
further hybridization. The resulting electrode interface was then treated with 
oligonucleotide-labeled liposome 134 (lipid concentration 0.2mM, 15 min. 25X). The 
oligonucleotide moiety 136 (SEQ ID NO: 7, bound to a mercaptohexyl group via the 
3' end. Fig. 4B) within the labeled liposome 134 is complementary to the residual 
base-sequence 130 of the analyte. Thus, a liposome-linked three-component 
double-stranded assembly 138, consisting of the capturing agent 100, the analyte 104, 
and the liposome tagged with oligonucleotide 136, is generated on the electrode 
support. 

The oligonucleotide-labeled-liposome was prepared by the assembly of 
liposomes that are composed of phosphatidic acid, phosphatidyl choline, 
maleimide-phosphatidylethanolamine, cholesterol (marked with 3H-cholesterol, 45 
Ci/mole) at a ratio of 79:20:1:0.1, that were modified with oligonucleotide 136 by 
incubation therewith for 20 hours at 4X and purified by chromatography (Sephadex 
G-75). The surface coverage of the liposome with oligonucleotide 136 (50-60 
oligonucleotide units per liposome) was determined by reacting the resulting 
liposomes with Oligreen (Molecular probe) and following fluorescence intensity of 
the resulting liposome suspension at X=480nm. The size of the liposomes was 
determined by dynamics light-scattering and corresponded to 220±20 nm. 

The oligonucleotide-labeled liposomes 134 are negatively charged in order to 
eliminate non-specific adsorption of the liposomes onto the sensing interface. The 
liposomes associated with the electrode support represent "giant" negatively charged 
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amplifying agents that electrostatically repel a negatively charged redox-probe 
stabilized in the electrolyte solution. That is, the biorecognition event between the 
capturing oligonucleotide 100 and the target oUgonucleotide 104 is ampUfied by the 
generation of a highly-charged microenvironment that repels the electroactive probe, 
5 Ye(CH)6^'"^, in solution. The electron transfer resistance produced by the assembly 
138 was then assayed by Faradaic impedance spectroscopy. 

Fig. 5A shows the impedance spectra (in the form of Nyquist plots, Zim vs. Z^) 
of oligonucleotide-fiinctionalized electrode 110 (curve a) after hybridization with the 
target oligonucleotide 100 to form the layered double.stranded oligonucleotide 
10 assembly 132 (curve b), and after interaction with the probing oligonucleotide-labled 
liposome 136 to form the amplified assembly 138 (curve c). While a bare 
Au-electrode exhibits an electron transfer resistance of 0.5 kQ, the associated of the 
capturing oligonucleotide 100 onto the conducting support increased the electron 
transfer resistance to 3 kQ. This is attributed to the electrostatic repulsion of the redox 
15 label, ¥e(Cn)6^\ that results in a barrier for the interfacial electron transfer. The 
formation of the double-stranded assembly with the target oligonucleotide increased 
the electron-transfer resistance to Ret=4.5 k Q. This is consistent with the results 
presented by Example 1, hereinabove and with the fact that the higher negative charge 
formed on the surface as a result of hybridization, enhances the electrostatic repulsion 
20 of the electroactive species on the solution. Binding of the oligonucleotide-modified 
liposome 134 introduced a very high electron transfer resistance corresponding to 
15 kn. This result is attributed to the formation of a negatively charged 
micro-interface upon the association of the liposome to the double-stranded assembly. 
A control experiment, for the evaluation of the system's specificity, was 
25 conducted, which included an attempt to detect the presence of an 
oligonucleotide 104' (SEQ ID NO: 8), that included a 6-base mutation relative to the 
target DNA 104. Fig. 5A fijrther shows the impedance spectrum of the 
fiinctionalized-electrode 110 after its treatment with the mutant 104' (curve e) and the 
impedance spectrum of the resulting electrode after fiirther treatment with the 
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oUgonucleotide-labeled liposome 134 (curve e). As may be understood from the 
results presented in Fig. 5A, the interfacial electron transfer resistances were almost 
unchanged in this control experiment, implying that the sensing interface is selective 
for analyses of target oUgonucleotide 104. The results also indicate that no 
non-specific association of mutant 104' or of the oUgonucleotide-labeled liposomes 
134 on the electrode took place. This is attributed to the electrostatic repulsion 
existing between these components and the sensing interface. 

The extent of increase in the electron transfer resistance upon the binding of 
the analyte-oligonucleotide, and the secondary association of the modified liposome is 
controlled by the bulk concentration of the analyte, as shown in Fig. 5B. the lower 

12 

sensitivity limit for analyzing the analyte DNA was determined to be 1 .2x10' M at a 

signal-to-noise value of S/N = 3. 

A fvirther control experiment, where only the oUgonucleotide 136 interacted 

with the double-stranded assembly of the capturing oligonucleotide 100 and the target 

oligonucleotide 104 infoduced only a small increase in the electron transfer 

resistance. Ret = 4.7 kQ., indicating that the negatively charged liposome indeed 

amplified the electrostatic repulsion of the redox label. 

The sensing system may be fiirther amplified as schematically illustrated in 

Fig. 6, wherein the presence of target oligonucleotide 104 (SEQIDN0:1) was 
detected using the negatively-charged liposomes 142 carrying the biotinylated 
oUgonucleotide 136' (SEQIDNO:9 bound via the 5' end to biotin). Accordingly, 
oUgonucleotide-fimctionaUzed electrode 110 is reacted with the target oUgonucleotide 
(5x10"^ M, 15 min. of hybridi2ation, at 25''C), pre-treated with biotinylated 
verification oligonucleotide 112 (SEQIDNO:5) IxlO'^H interaction time 2hr. 
5 25«'C), being complementary to segment 102 of the target oligonucleotide (step A, in 
Fig. 6). This process results in a three-component double-stranded-assembly on the 
electrode, consisting of the capturing oligonucleotide 100, the analyte oligonucleotide 
104 and the biotin-labeled oUgonucleotide 112. Association of avidin 118 (8 min. of 
incubation, step B in Fig. 6) and then the biotin-tagged-liposome 142 (8 min. of 
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incubation, step C in Fig. 6) resulted in the fonnation of a negatively-charged interface 
144 that amplified the primary oligonucleotide recognition event by the electrostatic 
repulsion of FeCdvOe^""*' and the enhancement of the interfacial electron transfer 
resistance. This sensing configuration enabled the further amplification of the 
biorecognition event by the multiple reaction of the resulting array with avidin and 
then with the biotinylated liposomes to yield a dense array of the negatively-charged 
liposomes. The biotin-labeled liposomes were composed of phosphatidyl choline, 
phosphatidylethanolamine, cholesterol (marked with 3H-cholesterol, 45Ci/mole) and 
biotinylated phosphatidylethanolamine with a ratio corresponding to 80:20:0.1:0.1. 
The average coverage of the liposomes with biotin corresponded to 550, which were 
purified by gel chromatography (DEAE Sephadex A-25). The size of the liposomes 
was determined by dynamic light scattering to be 1 80±40 nm. 

Fig. 7A shows the impedance spectra of the array in the different steps of 
modification. The oligonucleotide-functionalized interface 108 exhibited an electi-on 
transfer resistance corresponding to 3 kQ (curve a), and upon the formation of the 
double-stiranded assembly with the analyte-DNA 104 complexed with tiie biotinylated 
oligonucleotide 112 to form immobilized biotinylated analyte 116, the electron 
transfer resistance increased to Ret = 4.8 kQ. (curve b). Association of avidin 119 
(2.5jxg/ml) to the interface 116 further increased the electi-on transfer resistance to 
7.6 kn, as a result of the hydrophobic, insulating features of the protein (curve c). 
Association of the biotin-labeled liposome to the sensing surface 30 min. lipid 
concentration 0.25 mM), substantially increased the electron transfer resistance. Ret = 
14.8 kn. (curve d). 

The sensing of the target-DNA was further amplified by the application of a 
second step of association of the avidin-biotinylated liposomes under the same 
conditions (step D in Fig. 6), tiiat enhanced the electron transfer resistance, 
respectively, to 17 kn and 20 kQ (curves e and t in Fig. 7). 

In a control experiment, the sensing interface was interacted with mutant, 
non-complementary DNA 104' (SEQIDNO:4, 5x10'^, pre-t:eated with 
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biotinylated oligonucleotide 112 and subsequently treated with avidin and the 
biotmylated liposome, under the same conditions. A minute increase in the 
electron-transfer resistance corresponding to R^t = 3.4 kn. was observed, attributed to 
non-specific adsorption of avidin to the sensing interface. 

The increase in the electron-transfer resistance at the electrode upon binding of 
avidin and the biotin-labeled liposome, were controlled by the bulk concentration of 
the target-DNA in the sample (Fig. 7B). 

Using a double-step avidin^iotin-iabeled-liposome amplification pathway, 
target DNA concentration as low as 5x10"^* (signal to noise ratio S/N=3) was 
detected. 

In a similar manner to that described with reference to Fig. 4A, an 
oligonucleotide capturing agent was assembled on an Au/quarts crystal. The 
functionalized interface was then hybridized with a target DNA (concentration 
5x1 ©"^M) followed by interaction tiiereof v^th the oligonucleotide-labeled liposome. 
Fig. 8A (solid line) shows QCM-transduction of the amplified sensing of the analyte. 
Interaction of the functionalized crystal v^dth the analyte (point a) resulted in a 
fi«quency decrease of Af = 17Hz, implying a surface coverage of the analyte 
corresponding to 1.2x10"" mole/cm^. Further reaction of the double-stranded surfece 
with the oligonucleotide-tagged liposome (point b) resulted in a substantial decrease 
in the crystal firequency, Af = -120 Hz. 

Fig. 8A shows also the results of a control experiment in which the sensing 
interface was interacted with the mutated, non-complementary oligonucleotide (5x1 0"* 
M, point c) followed by treatment with the tagged liposome (point d). As shown, the 
crystal fi-equency was unchanged Af=±2 Hz upon interaction with the 
non-complementaiy DNA. Interaction with the tagged liposome slightly altered the 
crystal firequency, Af=-5 Hz. This frequency change may be attributed to minute 
non-specific binding of the liposome to the interface. Association of the amplified 
oligonucleotide-tagged liposome with the interface resulted in a frequency change of 
Af=-70 Hz (point e), that allows the easy amplified detection of the target DNA also 



wo 00/32813 




PCT/IL99/00649 



by using microgravimetric QCM assay. The lowest sensitivity limit for the detection 
of the target DNA by this amplification method was estimated to be 5x10-12 M (Af = 
-20 Hz, after treatment with tagged liposome). 

Fig. 8B shows the results of sensing a target DNA in a sample the manner 
described in connection with Fig. 6, however also in tiiis case, wherein the a ciqjturing 
oligonucleotide is assembled on a Au/quarts crystal. Accordingly, first an 
analyte-double-stranded biotinylated system was associated wit the sensing interface 
which resulted in a frequency decrease of 25 Hz (curve e). Binding of avidin to the 
biotinylated assembly yielded a frequency change of Af — 50 Hz (point f). Linkage of 
the biotin-tagged liposomes to the system amplified the primary association of the 
analyte and a very high frequency change Af~-500 Hz was observed (point g). 
Additional treatment of the interface with avidin, Af~-50 Hz (point h) and then with 
the biotin-labeled liposome (point i) resulted in a second amplification corresponding 
to Af = 690 Hz. 

Treatment of the sensing interface with the biotin-labeled non-complementary 
DNA did not yield any significant frequency change (point j) and subsequent 
interaction of tiie resulting assembly with avidin and the biotin-tagged liposome 
resulted in a frequency change of about -30 Hz (points k and 1, respectively). As 
described above, this change in frequency may be attributed to non-specific 
association of the liposome to the interface. Using the two-step amplification pathway, 
the lowest sensitivity limit for sensing the target DNA was estimated to be 1x10'^^ 
(or 1x10'^^ mole/ml), which may be fiirther enhanced by performing additional 
binding steps of avidin-biotinylated liposome. 
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CLAEMS: 

1. A method for detecting a target oligonucleotide in a sample, comprising: 

(a) providing a sensor device having a sensing interface carrying capturing 
oligonucleotides having each a nucleotide sequence complementary in at least a 
portion thereof to a first portion of the target oligonucleotides; 

(b) providing verification oligonucleotides having each a nucleotide 
sequence complementary in at least a portion thereof to a second portion of the target 
oligonucleotide, other than said first portion; 

(c) contacting the sample with the sensing interface under conditions such 
so as to allow the target oligonucleotides, if present in the sample, to hybridize to the 
capturing oligonucleotides; 

(d) prior to (c) or thereafter, allowing the verification oligonucleotides to 
hybridize to the target oUgonucleotides if present in the sample; and 

(e) detecting the presence of said verification oligonucleotides on the 
sensing inter&ce. 

2. The method of Claim 1, wherein said sensor device comprises an 
electrochemical probe carrying the sensing interface. 

3. The method of Claim 2, wherein said detection is based on Faradaic 
impedance spectroscopy or amperometric measurements. 

4. The method of Claun 1, wherein said sensor device comprises a 
microbalance quartz-crystal probe carrying the sensing interface. 

5. The method of Claim 4, wherein said detection is based on a 
microgravimetric quartz-crystal microbalance (QCM) analysis. 

6. The method of any one of Claims 1-5, wherein the sequence complementary 
to at least a portion of the target oligonucleotide is of about 12 nucleotides. 

7. The method according of any one of Claims 1-6, wherein the verification 
oligonucleotide is conjugated to a recognition agent which can specifically bind to a 
signal-amplifying agent, and step (e) of the method comprises: 

(el) contacting the sensing mterface with said signal-amplifying agent; 
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(e2) detecting the presence of said signal-amplifying agent on the sensing 
interface. 

8. The method of Claim 7, wherein said recognition agent is biotin and said 
signal amplifying agent comprises avidin. 

9. The method of any one of Claims 1-6, wherein said verification 
oligonucleotide is bound to or complexed with a signal-amplifying agent, and step 
(e) comprises detecting of presence of the signal-amplifying agent on the sensing 
interface. 

10. The method of any one of Claims 1-6, wherein the verification 
oligonucleotide comprises a first recognition agent which specifically binds to a 
recognition partner to form a recognition couple, step (e) of the method comprises 
the following steps: 

(el) contacting said sensing interface with said recognition partner; 

(e2) contacting said sensing interface with a signal-amplifyiog agent 

comprising a second recognition agent, which may be the same or 

different as the first recognition agent, which can also bind to said 

recognition partner; and 
(e3) detecting presence of said signal-amplifying agent on said sensing 

interface. 

11. The method of Claim 10, comprising the following step between steps (e2) 
and (e3): 

(e2.1) repeating steps (el) and (e2) one or more times. 

12. The method of any one of Claims 7-11, wherein said signal-amplifying agent 
comprises an enzyme which catalyzes a reaction yielding an insoluble reaction 
product, and step (e) comprises: 

(ea) providing conditions permitting catalytic activity of said enzyme to 
yield formation of said insoluble reaction product; and 

(eb) detecting the presence of said insoluble reaction product on said 
sensing interface. 
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13. The method of any one of Claims 7-11, wherein said signal-amplifying agent 
comprises a moiety or a particle which directly increases the mass immobilized on 
the sensing surface, the method comprises in step (e): 

(ea) detecting the presence of said moiety or particle on said sensing 
interface. 

14. The method of Claim 13, wherein said moiety or particle is a molecule, a 
super molecular structure or a particle. 

15. A method of Claim 14, wherein said particle is a liposome. 

16. A system for detecting a target oligonucleotide in a sample, comprising: 

(i) a sensor device having a sensing interface carrying capturing 
oUgonucleotides having each a nucleotide sequence complementary in at least a 
portion thereof to a first portion of the target oligonucleotides; 

(ii) verification oligonucleotides having each a nucleotide sequence 
complementary in at least a portion thereof to a second portion of the target 
oligonucleotide, other than said first portion; and 

(iii) a combination comprising one or both of apparatus and reagents for 
detecting a verification oligonucleotide bound to the sensing interface. 

17. The system of Claim 16, whereui said sensor device is an electrochemical 
electrode carrying said sensing surface. 

18* The system of Claim 16 or 17, wherein said apparatus is adapted for the 
performance of an electrochemical measurement. 

19. The system of Claim 16, wherein said sensor device comprises a 
microbalance quartz-crystal probe carrying the sensing interface. 

20. The system according to Claim 20, wherein said detection is based on a 
microgravimetric quartz-crystal microbalance (QCM) analysis. 

21. The system of Claims 16-20, wherein said capturing oligonucleotide has a 
nucleotide sequence complementary to said first portion which has a length of about 
12 nucleotides. 
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22. The system of any one of Claims 16-21, wherein the verification 
oligonucleotide is conjugated to a recognition agent which specifically binds to a 
signal-amplifying agent. 

23. The system of Claim 22, wherein said recognition agent is biotin and said 
5 signal-amplifying agent comprises avidin. 

24. The system of any one of Claims 16-21, wherein the verification 
oligonucleotide is conjugated or complexed with a signal-amplifying agent. 

25. A system of any one of Clauns 16-21, wherein the verification 
oligonucleotide is conjugated to a first recognition agent, which specifically binds to 

10 a recognition partner, the recognition partner being capable of binding also to a 
second recognition agent, being the same or different from said first recognition 
agent; the system further comprises a signal amplifying agent comprising a second 
recognition agent. 

26. A system of Claim 24 or 25, when said first and said second recognition 
15 agents are biotin and where said recognition partner is avidin or streptavidin. 

27. A system of any one of Claims 16-26, wherein said signal-amplifying agent 
comprises an enzyme which catalyzes a reaction yielding an insoluble reaction 
product. 

28. A system of any one of Claims 16-26, wherein said signal-amplifying agent 
20 comprises a particle or moiety which directly increases the mass immobilized on the 

sensing interface. 

29. A system according to Claim 28, when said moiety or particle is a liposome. 

30. For use in the method of any one of Claims 1-15 or the system of any one of 
Claims 16-29, a reagent being at least one member of the group consisting of: 

25 (i) said verification oligonucleotide; 

(ii) an amplifying agent for amplifying the signal resulting in from 
binding of said verification oligonucleotide to said sensing interface. 
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<110> YISSUM RESEARCH DEVELOPMENT COMPANY 

<120> METHOD AND SYSTEM FOR DETECTING OLIGONUCLEOTIDES IN A 
SAMPLE 

<130> 1206184 - YISSUM 

<140> 
<141> 

<150> IL127346 
<151> 1998-12-01 

<150> IL 132966 
<151> 1999-11-16 

<160> 9 

<170> PatentIn Ver. 2.1 

<210> 1 
<211> 23 
<212> DNA 
<213> HUMAN 

<400> 1 

tststststs tcgcatccta tct 



<210> 2 
<211> 26 
<212> DNA 
<213> HUMAN 

<400> 2 

cgcgcttggc atatagatag gatgcg 



<210> 3 
<211> 14 
<212> DNA 
<213> HUM7W 

<400> 3 

atatgccaag cgcg 
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<211> 26 
<212> DNA 
<213> HUMAN 

<400> 4 

cgcgcttggc atataggata ccggcg 



<210> 5 
<211> 13 
<212> DNA 
<213> HUMAN 

<400> 5 

tcgcatccta tct 



<210> 6 
<211> 27 
<212> DNA 
<213> HUMAN 

<400> 6 

cgcgcttggc atatagatag gatgcga 
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<211> 14 
<212> DNA 
<213> HUMAN 
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atatgccaag cgcg 



<210> 8 
<211> 27 
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cgcgcttggc atatagtgac ctcgcga 



<210> 9 
<211> 14 
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